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WHEEL END APPARATUS WITH ELECTRIC tionality , such as wheel stud tension monitoring , wheel hub 
GENERATOR oil temperature monitoring , and bearing condition monitor 

ing as some examples . 
CROSS - REFERENCE TO RELATED In one embodiment , the coil of wire and the at least one 

APPLICATION magnet are inside of the wheel hub and the communication 
circuitry includes an antenna outside of the wheel hub . 

This application claims the benefit of U.S. Provisional Because the coil of wire and at least one magnet are inside 
Patent App . No. 62 / 770,544 , filed Nov. 21 , 2018 , which is of the wheel hub , the coil of wire and the at least one magnet 
hereby incorporated herein in its entirety . may interact and generate electrical power while being 

protected from tampering and harsh environmental condi 
FIELD tions . Further , the antenna of the communication circuitry 

outside of the wheel hub permits wireless communications This disclosure relates to wheel ends for vehicles and , to be transmitted from the wheel end with reduced interfer more specifically , to wheel ends having electrically - powered ence from the wheel hub . devices for providing wheel end functionality . In another aspect of the present disclosure , a wheel end 
BACKGROUND system is provided that includes a wheel hub , at least one 

bearing mounted in the wheel hub , and a cavity for receiving 
A wheel end may include a wheel hub assembly mounted a lubricant . The cavity opens to the at least one bearing to 

on a spindle of a vehicle axle to provide a rotatable con- 20 permit the lubricant to lubricate the at least one bearing . The 
nection point for mounting a wheel and tire assembly to the wheel end system further includes a coil of wire and at least 
vehicle . Wheel hub assemblies for commercial vehicles such one magnet in the cavity configured to move relative to one 
as heavy - duty trucks come in a variety of configurations another with rotation of the wheel hub around the spindle . 
depending on whether the wheel is a driven wheel , trailer The wheel end system further includes a wheel end device 
wheel , or tandem wheel . Wheel hub assemblies generally 25 operably coupled to the coil of wire to receive electrical 
include a wheel hub and inboard and outboard roller bear- power generated by the relative movement of the coil of wire 
ings mounted therein that receive the spindle of the vehicle and the at least one magnet . In this manner , the coil of wire 
axle . and at least one magnet are positioned in the lubricant 

receiving cavity of the wheel hub which protects the coil of 
SUMMARY 30 wire and the at least one magnet from environmental con 

ditions . 
In accordance with one aspect of the present disclosure , a A method is also provided for utilizing rotation of a wheel 

wheel end apparatus for a vehicle is provided that includes hub of a wheel hub assembly mounted to a spindle to operate 
a wheel hub assembly configured to be mounted to a spindle a wheel end device . The method includes providing electri 
and a wheel hub of the wheel hub assembly . The wheel end 35 cal power to the wheel end device and communication 
apparatus includes a coil of wire and at least one magnet of circuitry by moving a coil of wire and at least one magnet 
the wheel hub assembly configured to move relative to one of the wheel hub assembly relative to one another with 
another with rotation of the wheel hub around the spindle . rotation of the wheel hub of the wheel hub assembly around 
The wheel end apparatus includes a wheel end device the spindle . The method further includes wirelessly com 
operably coupled to the coil of wire to receive electrical 40 municating , via the communication circuitry , wheel end 
power generated by relative movement of the coil of wire device information with a wheel end monitoring device . The 
and the at least one magnet . Further , the wheel end apparatus method permits the wheel end device and the communica 
includes communication circuitry operably coupled to the tion circuitry to be powered by the rotation of the wheel hub 
wheel end device and configured to wirelessly communicate around the spindle , which limits maintenance downtime for 
wheel end device information with a wheel end monitoring 45 battery replacement and provides greater flexibility in power 
device . The wheel end apparatus permits the wheel hub demands for the wheel end device and the communication 
assembly be mounted to a spindle and the rotation of the circuitry 
wheel hub to generate electrical power for the wheel end 
device and the communication circuitry . Because the rota BRIEF DESCRIPTION OF THE DRAWINGS 
tion of the wheel hub is used to generate electrical power for 50 
the wheel end device and the communication circuitry , the FIG . 1 is a cross - sectional view of a wheel hub assembly 
electrical power demands and lifespan of the wheel end having an electric generator for providing electrical power to 
device and the communication circuitry may not be not a device of the wheel hub assembly ; 
limited by the capacity of an associated battery . Rather , the FIG . 2 is a perspective view of a spacer of the wheel hub 
coil of wire and the at least one magnet are configured 55 assembly of FIG . 1 showing magnets of the electric gen 
according to the power demands of the wheel end device and erator mounted to the spacer ; 
the communication circuitry . This is a departure from the FIG . 3 is a perspective view of a support of the electric 
conventional approach of a battery dictating the power generator having a coil of wire thereon that interacts with 
demands of a device on an associated wheel hub . The wheel magnetic fields produced by the magnets of the spacer of 
end device thereby permits a manufacturer to provide wheel 60 FIG . 2 to generate electricity ; 
end functionality independent of conventional battery power FIG . 4 is a schematic representation of the device of FIG . 
supply considerations . 1 ; 

In one embodiment , the wheel hub assembly includes the FIG . 5 is a schematic representation of the device of FIG . 
wheel end device and the communication circuitry . The 1 communicating with wheel end monitoring devices ; 
wheel hub assembly thereby provides a self - contained appa- 65 FIG . 6 is a cross - sectional view of another wheel hub 
ratus that may be mounted to a conventional spindle of a assembly having an electric generator for providing electri 
commercial vehicle and provides wheel end device func- cal power to a device of the wheel hub assembly ; 

a 

a 

a 

a 

a 

a 
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FIG . 7 is a cross - sectional view of a device of the electric The device 60 utilizes electricity to operate , and the wheel 
generator of the wheel hub assembly of FIG . 6 showing a hub assembly 10 includes an electric generator , such as an 
coil of wire of the device having ends extending through a electromagnetic induction generator 70 , configured to pro 
support of the device ; and vide electrical power to the device 60. Regarding FIGS . 1 

FIG . 8 is a schematic diagram showing the motion of the 5 and 2 , the electromagnetic induction generator 70 includes 
coil of wire of FIG . 7 relative to magnets of the wheel hub a stator such as one or more magnets 74 and a rotor such as 
assembly of FIG . 6 as the wheel hub rotates around a one or more coils 76 , each coil 76 having one or more turns 
spindle . of wire . The electromagnetic induction generator 70 

includes an annular member , such as a collar 72 and the 
DETAILED DESCRIPTION 10 spacer 28 , that support the magnets 74. The electromagnetic 

induction generator 70 includes an attachment member , such 
With reference to FIG . 1 , a wheel end apparatus such as as a body 75 of the collar 72 , that secures the magnets 74 to 

a wheel hub assembly 10 is provided that includes a hub the spacer 28 and a support , such as a bobbin 110 ( see FIG . 
bore 12 for receiving a spindle of a vehicle axle . The wheel 3 ) , that connects the coil 76 to the wheel hub 18 and supports 
hub assembly 10 has an inboard end portion 14 for facing the 15 the coil 76 in proximity to the magnets 74. The magnets 74 
vehicle and an outboard end portion 16 for facing away from are mounted to the spindle via the body 75 of the collar 72 
the vehicle . The wheel hub assembly 10 includes a wheel and the spacer 28. As the wheel hub 18 and the coil 76 
hub 18 having a flange 20 with studs for mounting one or connected thereto rotate around the spacer 28 and collar 72 , 
two wheels to the wheel hub 18. The wheel hub 18 includes the coil 76 pass through magnetic fields produced by the 
an interior 13 that contains components of the wheel hub 20 magnets 74. The movement of the coil 76 through the 
assembly 10 and an exterior 15. The wheel hub 18 includes magnetic fields induces a current and a voltage in the coil 76 
recesses 19 that receive drive studs 22 for connecting to a and provides electrical power to the device 60. In another 
drive flange 230 of a drive axle shaft that extends within the embodiment , the electromagnetic induction generator 70 has 
vehicle axle spindle received in the hub bore 12. The rest of a stator including one or more coils 76 mounted to the 
the drive axle shaft and the spindle are not shown in FIG . 1 25 spindle and a rotor including one or more magnets 74 
for clarity purposes . mounted to the wheel hub 18 . 

The wheel hub assembly 10 includes an inboard bearing In one embodiment , the body 75 of the collar 72 is made 
24 , an outboard bearing 26 , and a spacer 28 separating the of a metallic material such as steel or a plastic material such 
inboard and outboard bearings 24 , 26. The inboard and as nylon . The one or more magnets 74 may include magnets 
outboard bearings 24 , 26 each include an inner race or cone 30 made of ferrous materials and / or non - ferrous materials such 
30 mounted to the spindle , a plurality of rollers such as as rare earth elements . The one or more magnets 74 may be 
tapered rollers 32 , and an outer race or cup 34. The wheel permanent magnets . The one or more magnets may be 
hub assembly 10 includes a spindle retaining nut 42 that electromagnets . The coil 76 is made of a metallic material , 
threadingly engages with the spindle . A washer 40 is cap- such as copper . In one embodiment , the wire of the coil 76 
tured between the retaining nut 42 and the cone 30 of the 35 includes a magnet wire with an insulated coating such as 
outboard bearing 26. The retaining nut 42 and the washer 40 epoxy . 
interlock on the spindle to resist loss of preload compression Regarding FIG . 2 , the magnets 74 may include magnets 
on the inner and outer bearings 24 , 26. The wheel hub 74A , 74B , 74C , etc. and the collar 72 positions the magnets 
assembly 10 further includes a bore retaining ring 44 that 74 around a circumference of a side wall 80 of the spacer 28 . 
inhibits movement of the outboard cone 30 and a nut 40 In one embodiment , the magnets 74 are oriented so that the 
retaining ring 46. The nut retaining ring 46 has a pin 48 that poles of the magnets alternate around the collar 72. More 
extends through an aperture in the retaining nut 42 and specifically , the magnet 74A has a radially outward north 
engages an opening in the washer 44 to resist loosening pole 82A , the magnet 74B has a radially outer south pole 
rotation of the retaining nut 42 . 82B , the magnet 74C has a radially outer north pole 82C , 

The hub bore 12 has a central axis 50. When the spindle 45 and so on around the collar 72. The alternating poles of the 
is received in the hub bore 12 , the cone 30 of the inboard magnets 74 creates a series of differently oriented magnetic 
bearing 24 , the spacer 28 , the cone 30 of the outboard fields that the coil 76 passes through as the wheel hub 18 
bearing 26 , the washer 40 , the retaining nut 42 , the bore turns relative to the spacer 28 and spindle thereon . This 
retaining ring 44 , and the nut retaining ring 46 are fixed to increases the electrical current produced by the relative 
the spindle and are stationary relative thereto . Once the one 50 movement of the coil 76 and the magnets 74 . 
or more wheels have been mounted to the wheel hub 18 , The spacer 28 has a tubular configuration with an out 
rotation of the drive flange 230 produces rotation of the board rim 86 , an inboard rim 88 , and the side wall 80 
wheel hub 18 , the one or more wheels mounted thereto , and extending therebetween . The side wall 80 extends around a 
the cups 34 of the inboard and outboard bearings 24 , 26 bore 90 of the spacer 28 that receives the spindle of the 
around the central axis 50 . 55 vehicle axle . The spacer 28 may also include a tapered 

The wheel hub assembly 10 includes one or more devices portion 92 extending radially outward away from the out 
60 that provides wheel related functionality for the vehicle . board rim 86 toward the collar 72. The annular body 75 of 
For example , the device 60 may include one or more wheel the collar 72 has an opening 77 that receives the side wall 80 
end devices such as a tire pressure sensor , an air pump , an as the collar 72 is slid onto the spacer 28. In one approach , 
odometer , a temperature sensor , a vibration sensor , a bearing 60 the collar 72 is pressed onto the spacer 28. In another 
condition monitoring sensor , a load measurement sensor , a embodiment , the collar 72 is fixed to the spacer 28 using 
stud tension sensor , an oil condition and level sensor , a welds , fasteners , or adhesive as some examples . 
spindle nut torque sensor , a speed sensor , an anti - lock brake The spacer 28 is manufactured with tight tolerances to 
sensor , or a combination thereof . In other embodiments , the accurately separate the inboard and outboard bearings 24 , 
device 60 may be a component of the wheel secured to the 65 26. Because the collar 72 is connected to the spacer 28 , the 
wheel hub 18 or mounted to the spindle inboard of the wheel collar 72 can be manufactured with looser tolerances than 
hub 18 as some examples . the spacer 28 and connected to the spacer 28. This makes 
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manufacture of the hub assembly 10 easier . In another ductive and magnetically permeable material . As another 
embodiment , the one or more magnets 74 may be portions example , the coil 76 may be free standing and adhered to an 
of the spacer 28 , such as the magnets 74 being molded into inner surface 113 ( see FIG . 1 ) of the wheel hub 18 . 
the spacer 28. As another example , the magnets 74 may be Regarding FIG . 4 , the device 60 may include one or more 
directly mounted to the spacer 28 using welds , fasteners , or 5 wheel end devices 199 configured to provide one or more 
adhesive , as some examples . functions related to , for example , the wheel hub assembly 10 With reference to FIG . 1 , the wheel hub assembly 10 and / or the wheel mounted thereto . For example , the wheel includes a grease pocket , such as a hub cavity 100 contain end device 199 may include one or more sensors 200 , such ing a lubricant , such as grease or oil . The hub cavity 100 is 
in communication with one or more of the inboard and 10 as a pressure sensor , a temperature sensor , a proximity 

sensor , an accelerometer , a gyroscope , a velocity sensor , a outboard bearings 24 , 26. The lubricant reduces friction in 
the inboard and outboard bearings 24 , 26 and helps the strain gauge , a load cell , a capacitance transducer , a resistive 
wheel hub 18 turn around the axis 50. The wheel hub transducer , a global navigation satellite system receiver , a 
assembly 10 includes a lubricant seal 102 configured to radio frequency analyzer , an electromagnetic interference 
resist egress of the lubricant at an inboard side of the hub 15 transducer , a phototransducer , or a combination thereof . The 
assembly 10. The lubricant seal 102 also resists the ingress one or more wheel end devices 199 may include a pump , 
of debris into the interior 13 of the wheel hub 18. The drive such as an air pump 202 , for adjusting the tire pressure of the 
flange 230 resists egress of the lubricant at the outboard side tire ( s ) associated with the wheel hub 18 . 
of the hub assembly 10. The wheel hub assembly 10 may be The device 60 may include a processor 204 for controlling 
used as a non - drive wheel , such that there is no drive shaft 20 operation of the device 60 and utilizing computer - readable 
extending in the spindle and there is no drive shaft flange instructions stored in a non - transitory computer readable 
230 mounted to the wheel hub 18. Rather , the wheel hub medium , such as a memory 206. For example , the device 60 
assembly 10 would include a hub cap that covers an out- may include an ASIC including the processor 204 and the 
board opening 231 of the wheel hub 18 and resists egress of memory 206 . 
the lubricant in the outboard direction . The device 60 may include a power conditioning circuit 

In the embodiment of FIG . 1 , the magnets 74 and the coil 208 that conditions the electrical energy from the coil 76 into 
76 are in the hub cavity 100. This means that the one or more a format that is more readily utilized by the device 60. The 
magnets 74 and coil 76 are in contact with , such as sub- device 60 may include or be connected to a battery 210 that 
merged in , the lubricant contained in the hub cavity 100. The stores electrical power produced from the coil 76. For 
lubricant may be oil and the magnets 74 and coil 76 may be 30 example , the coil 76 may periodically produce electrical 
submerged in an oil bath . Further , the magnets 74 and the energy in excess of the requirements of the device 60 , such 
coil 76 are subjected to the flow of lubricant generated by the as when the vehicle is on the highway and the wheel hub 18 
relative movement of the wheel hub 18 around the spacer 28 . is rotating high speed , and the device 60 may store the 
By positioning the magnets 74 and the coil 76 within the excess electrical energy in the battery 210. The battery 210 
cavity 100 , the magnets 74 and coil 76 are protected from the 35 may be utilized to provide electrical energy for the device 60 
harsh road environment and from tampering . when the coil 76 is producing an insufficient amount of 

Regarding FIG . 3 , the wheel hub assembly 10 has a coil energy , such as low speeds of the vehicle and associated 
assembly 111 that includes the bobbin 110 , the coil 76 , and lower rotational speeds of the wheel hub 18. In this manner , 
a fill plug 112. The fill plug 112 closes a fill opening 114 ( see the battery 210 may serve as a backup power supply to the 
FIG . 1 ) of the wheel hub 18. The fill opening 114 is used to 40 device 60 and the electrical power from the coil 76 may 
fill the hub cavity 100 with lubricant . The fill plug 112 has serve as the primary power source . In another embodiment , 
an annular wall with a threaded portion 116 that engages the battery 210 is the primary power supply and the coil 76 
threads 118 ( see FIG . 1 ) of the fill opening 114. The bobbin provides energy for charging the battery 210 and , optionally , 
110 extends from a driving portion 122 of the fill plug 112 . may be used in parallel with the battery 210 to provide 
The driving portion 122 may include faceted surfaces , such 45 electrical power for the device 60 in high - demand situations . 
as a hex pattern , to receive a wrench or socket for tightening The device 60 may also include charging circuitry 212 that 
the fill plug 112 in the fill opening 114. The bobbin 110 facilitates charging of the battery 210 using the electrical 
includes a cylindrical portion around which the turns of the energy from the coil 76 . 
coil 76 is wound and flanges 130 on opposite sides of the coil The device 60 may also include communication circuitry 
76. The fill plug 112 further includes an O - ring 132 for 50 214 that includes one or more wired and / or wireless com 
forming a fluid tight seal with the wheel hub 18 . munication interfaces . For example , the communication 

In one embodiment , the coil assembly 111 includes a circuitry 214 may include short - range and / or long - range 
single wire wound to form the coil 76. The single wire has wireless communication interfaces . The communication cir 
a pair of wire ends 140 , 142 that extend from the coil 76 , cuitry 214 may include an antenna 216 for wireless com 
through an inner bore of the fill plug 112 , and out from the 55 munication with one or more wheel end monitoring devices 
fill plug 112. The wires 140 , 142 are connected to the device via a wireless protocol . The wheel end monitoring devices 
60 for providing electrical power thereto . In another embodi- may include , for example , a user device 221 such as a 
ment , the coil assembly 111 may include two or more wires smartphone , a tablet computer , a wearable device , or a PC ; 
each having a coil 76 formed therein and a pair of ends that a computer of vehicle 220 ; and / or a server computer 223 . 
connect to the device 60. In one approach , electromagnetic 60 As shown in FIG . 5 , the communication circuitry 214 may 
induction generator 70 may utilize a wireless power trans- be configured to communicate directly with the vehicle 220 
mission approach for providing electricity to the device 60 . and may be configured to communicate indirectly with the 

The coil 76 may be connected to the wheel hub 18 in a user device 221 over a network 222. For example , the 
variety of approaches . For example , the bobbin 110 may communication circuitry 214 may include a radio frequency 
include a core around which the turns of the coil 76 extends . 65 transmitter that transmits encoded signals containing infor 
The core may be made of , for example , a plastic or a metallic mation regarding measurements from the sensor 200 to a 
material . The core may be made of a non - electrically con- receiver of the vehicle 200. As another example , the com 
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munication circuitry 214 may include a short - range Blu- or more coil 76 and the one or more magnets 74 from the 
etooth transceiver that communicates with a Bluetooth trans- road environment and from tampering . 
ceiver of the vehicle . As another embodiment , the one or more coils 76 may be 

The network 222 may include a short range network , such mounted to or integral with one or more of the static 
as a mesh network constituted by components of the vehicle , 5 components of the wheel hub assembly 10 , e.g. , the spindle 
a long - range wireless network such as a cellular ( 3G , 4G , 4G retaining nut 42 , the bore retaining ring 44 , the nut - retaining 
LTE , or 5G ) network , and / or the internet . Other examples of ring 46 , the spacer 28 , the cone 30 of the inboard bearing 24 , 
long - range networks include WiMax and LoRaWAN net and / or the cone 30 of the outboard bearing 26. The one or 
works . more magnets 74 may be mounted to or integral with the 

10 wheel hub 18 , drive flange 230 , and / or hub cap . This permits As an example , the communication circuitry 214 may 
communicate indirectly with the user device 221 via the electrical power to be generated on a static component rather 

than a rotating component . server computer 223 and the network 222. As an example , With reference to FIG . 6 , a portion of the wheel hub the sensor 200 may include a tire pressure sensor for a wheel assembly 300 is provided that is similar to the wheel hub 
associated with the wheel hub assembly 10 and the proces- 15 assembly 10 discussed above such that differences will be 
sor 204 causes the communication circuitry 214 to transmit highlighted . The wheel hub assembly 300 includes a wheel 
tire pressure data to the server computer 223 via the network hub 302 having a through hole or hub bore 304 configured 
222. The server computer 223 monitors the tire pressure and , to receive a spindle of a vehicle . The wheel hub 302 has an 
upon the tire pressure going above or below a threshold , the interior 306 and an exterior 308. The wheel hub 302 includes 
server computer 223 sends a communication to the proces- 20 recesses 310 configured to receive fasteners . These fasteners 
sor 204 via the network 222 and communication circuitry may be used for connecting the wheel hub 302 to a drive 
214. The processor 204 responsively causes the pump 202 to flange of a drive axle shaft of the vehicle . Once the wheel 
increase or decrease tire pressure as requested by the server hub 302 is connected to the drive axle shaft , rotation of the 
computer 223 . drive axle shaft causes rotation of the wheel hub 302 around 

The communication circuitry 214 may also be configured 25 the spindle . The wheel hub 302 has a cavity 312 at the 
to communicate directly with the user device , such as via a interior 306 of the wheel hub 302 that cooperates with a 
Bluetooth connection with a smartphone or a tablet com- spacer 314 to form a grease pocket 313 of the wheel hub 
puter . The communication circuitry 214 may communicate assembly 300. When the wheel hub 302 is mounted on the 
information to the user device 221 such as operating status , spindle , the grease pocket provides the inboard and outboard 
current sensor readings , historical sensor readings , and 30 bearings ( only the cups of which are shown for clarity 
maintenance information . This permits a user to walk around purposes ) of the wheel hub assembly 300 with lubrication . 
the vehicle and establish a communication link with each The spacer 314 and inboard and outboard bearings have 
device 60 to quickly and easily check the status of the wheel aligned through openings sized receive the spindle . The 
ends of the vehicle . spacer 314 separates the inboard and outboard bearings , 
As another example , the communication circuitry 214 35 which are on opposite sides of the cavity 312 . 

may utilize a short - range wireless protocol , such as Blu- The wheel hub assembly 300 further includes one or more 
etooth , to send information to and / or receive information magnets 316. The magnets 316 , for example , may be per 
from the vehicle 220. The vehicle 220 has a long - range manent magnets or an electromagnet powered by a vehicle 
wireless communication interface , such as a cellular net- power supply . As examples , the permanent magnets may be 
work interface , that permits the vehicle 220 to act as an 40 neodymium iron boron , samarium cobalt , alnico , ceramic 
access point to the network 222 and facilitates communica- and / or ferrite magnets . The one or more magnets 316 may be 
tion with the server computer 223 and / or user device 221 . mounted to the spindle within the grease pocket 313. In the 

Regarding FIG . 4 , the device 60 may also include an embodiment of FIG . 6 , the magnets 316 are mounted to the 
indicator 215 for providing status information to a user . For spacer 314 within the grease pocket 313. The magnets 316 
example , the indicator 215 may include one or more lights 45 may have an annular configuration about an axis 307 of 
with different colors to indicate different statuses , e.g. , a rotation of the wheel hub 302. The magnets 316 may be 
green light indicating the device 60 is operational , a red light arranged such that the magnetic poles of the magnets are 
indicating an error state , and a flashing red light indicating alternately arranged , i.e. , the magnetic pole of each magnet 
a communication link error . As another example , the indi- positioned adjacent to the coil 318 is the opposite of the 
cator 215 may include a speaker for communicating status 50 adjacent magnets . As an example , each magnet 316 may be 
information to the user . oriented such that the north pole of the magnet faces radially 

The electromagnetic induction generator 70 may have a inward or outward from the axis 307 of rotation of the wheel 
variety of configurations . For example , the one or more hub 302 and the north pole of the adjacent magnets face the 
magnets 74 may be mounted to or integrated with one or opposite direction . As shown in the embodiment in FIG . 6 , 
more of the bore retaining ring 44 , spindle retaining nut 42 , 55 the magnets 316 may also be configured so that the primary 
spindle nut washer 40 , the outboard or inboard bearing cones magnetic flux direction of each magnet aligns with a central 
30 , and / or the nut - retaining ring 46. The one or more coils axis 309 of a coil 318 of wire ( see FIG . 7 ) . The coil 318 and 
76 may be mounted to or integrated with the drive flange 230 magnets 316 may be inclined so that the axis 309 extends 
of the drive axle or a hub cap if the wheel hub assembly 10 transversely , such as obliquely , at an angle 311 relative to the 
is not connected to a drive axle . In this manner , the drive 60 axis 307 . 
flange 230 or the hub cap and the one or more coils 76 With reference to FIG . 7 , the wheel hub assembly 300 
thereof would rotate relative to the magnets of the nut- includes a device 301 including the coil 318. The coil 318 
retaining ring 46 , bore retaining ring 44 , retaining nut 42 , may be insulated or enameled copper or aluminum wire . The 
and / or outboard bearing cone 30 which mounted to the wire may be wound about the axis 309 to form a substan 
non - rotating vehicle spindle . In this embodiment , the drive 65 tially cylindrical helix of wire . The number of turns or 
flange 230 or hub cap operates to create a cavity 232 ( see windings of the coil 318 affects the voltage produced by the 
FIG . 1 ) of the wheel hub assembly 10 that protects the one coil 318. The coil 318 may have one , two , three , or more 
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turns . The desired voltage may vary for different applica- Regarding FIG . 7 , the support 322 includes one or more 
tions and the voltage produced by the coil 318 may be channels 328 for the ends 331 , 333 of the coil 318 to pass 
determined using Faraday's law of induction . For a tightly through . The channels 328 direct the ends 331 , 333 from the 
wound coil of wire having N identical turns , each with the coil 318 in the wheel hub 302 to an electrical component , 
same ( ØB , Faraday's law of induction states that : 5 such as a circuit board 330 , outside of the wheel hub 302. In 

the embodiment of FIG . 7. the end 333 of the wire extends 
along an outer surface of the support 323 and enters one of 
the channels 328 at an opening 341 above the coil of wire 
318. The end 331 of the wire , by contrast , extends between 
the coil 318 and circuit board 330 within the outer channel 

where N is the number of turns of wire and OB is the 328. The separate channels 328 separate the wire ends 331 , 
magnetic flux through a single loop . 333 and permit the wire ends 331 , 333 to be connected to the 

The wire may also be wound about a core 320 , although circuit board 330 without interfering with one another . In 
an air core may be used . The core 320 may be made of some embodiments , all or some of the circuitry powered by 
metallic material such as ferrite , iron , or steel . The device the coil 318 may be within the wheel hub 302 such that the 
301 may include a body 322 having a support 323 for the lengths of the wire ends 331 , 333 may be reduced . 
coil 318. The body 322 may be made of a metallic or plastic The device 301 is similar in many respects to the device 
material as some examples . The support 323 includes an discussed above and may include one or more wheel end 
annular wall 325 extending about a blind bore 327. The core 20 devices 351 , a battery 353 , a power conditioning circuit 355 , 
320 and coil 318 wrapped therearound may be loaded into and communication circuitry 357. The power conditioning 
the blind bore 327 and a cover 329 secured to the annular circuit 355 is operatively coupled to the coil 318. The power 
wall 325 form a compartment for the coil 318 and the core conditioning circuit 355 receives the electrical power gen 
320. The compartment formed by the cover 329 and annular erated in the coil 318 and conditions the power so that it is 
wall 325 may be sealed , such as preventing the ingress of 25 usable to power the wheel end device ( s ) 351 and / or the 
lubricant into the compartment . The wire of the coil 318 may communication circuitry 357. The power conditioning cir 
include a first end 331 and a second end 333. The second end cuit 355 may include a rectifier circuit and a voltage regu 
333 may extend out from the support 323 via an opening 335 lator circuit . The rectifier circuit converts the voltage pulses 
in the cover 329 . induced in the coil 318 into a steady direct current form . As 
The 30 an example , the rectifier circuit may be a full - wave rectifier support 323 extends from a wall 337 ( see FIG . 6 ) of 

the wheel hub 302 into the wheel hub cavity 312. In one circuit . As another example , the rectifier circuit may be a 
half - wave rectifier circuit . example , the support 322 is integral with the wheel hub 302 . The voltage produced in the coil 318 may vary based on In other examples , the support 322 is a separate component the speed at which the wheel hub 302 is rotating around the that is permanently fixed or removably attached to the wheel 35 spindle . A voltage regulator may be used to control the 

hub 302. In the example shown in FIG . 6 , the device 301 is voltage of the rectified electrical power . The voltage regu removably attached to the wheel hub 302 and extends lator may regulate the voltage output to the voltage levels 
through a lubricant fill opening 324 the wheel hub 302. The required to power the wheel end devices 351 and / or com 
device 301 may have threads to engage threads of the munication circuitry 357 , for example , 3.3 VDC or 5 VDC . 
opening 324 of the wheel hub 302. The device 301 may 40 The electrical power induced in the coil 318 may be used 
include an O - ring to seal the aperture 324 and contain the to power electronic components of the device 301. The 
lubricant in the grease pocket 313 of the wheel hub 302. The electrical power produced by relative movement of the coil 
device 301 may also include a compartment 326 for housing 318 and the magnets 316 permits devices to be utilized at the 
electronic components outside of the wheel hub 302 while wheel end that consume large amounts of power , such as 
the support 323 positions the coil 318 in the wheel hub 302. 45 high - speed data transmission communication circuitry or 

The wheel hub assembly 300 is configured to maximize high sample rate sensors that otherwise could not be used 
the efficiency of the electrical power induction . For example , because they consume too much power for conventional 
the support 323 positions the coil 318 such that the coil 318 battery - only power . The coil 318 and magnets 316 also 
passes directly over the magnet or magnets 316 mounted to allow sensors to be run continuously , if desired , rather than 
the spindle when the wheel hub 302 is rotated . The support 50 taking data measurements at intervals . In some applications , 
body 322 may be configured to position the coil 318 such a power storage device such as battery 333 or a capacitor 
that an end 318A of the coil 318 passes in close proximity may be used to power components when the wheel hub 302 
to the magnets 316 such that an air gap between the cover is rotating at lower speeds or when the vehicle is stationary . 
329 and the magnets are minimized relative to the manu- The wheel end device 351 may electronic device 
facturing tolerances of the wheel hub assembly 300 , which 55 similar to those described above including a sensor and / or a 
increases the efficiency of the electric power induction in the pump as examples . 
coil 318. The support 323 also positions the coil 318 such The communication circuitry 357 of the device 301 may 
that the central axis 309 of the coil 318 momentarily aligns be similar to the communication circuitry 214 discussed 
with the primary magnetic flux direction of the magnets 316 above . The communication circuitry may include an antenna 
as the wheel hub 302 rotates about the spindle . This arrange- 60 for wireless communication to a wheel end management 
ment also increases the efficiency of the electrical power device via a wireless communication protocol . Regarding 
induction in the coil 318 because it maximizes the magnetic FIG . 7 , the communication circuitry 357 including the 
flux through the coil 318. Still further , the core 320 operates antenna thereof is positioned in the compartment 326 out 
to increase the efficiency of the electrical power induction side of the wheel hub 302 . 
because the core 320 has a high magnetic permeability 65 In another embodiment , the communication circuitry 357 
which permits the core 320 to guide magnetic flux through is positioned in the interior 306 of the wheel hub 302. In this 
the windings of the coil 318 . embodiment , the communication circuitry 357 may have at 
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least an antenna of the communication circuitry 357 extend- wherein the other of the coil of wire and the at least one 
ing to the exterior 308 of the wheel hub 302 to communicate magnet is associated with the wheel hub and is rotat 
with other devices . able with the wheel hub about the spacer ; 

Regarding FIG . 8 , the wheel hub assembly 300 generates a wheel end device operably coupled to the coil of wire to 
electrical power when the wheel hub 302 is rotated in 5 receive electrical power generated by relative move 
direction 364 about the axis 307 of rotation around the ment of the coil of wire and the at least one magnet ; and 
spindle . Rotation of the wheel hub 302 causes rotation of the communication circuitry operably coupled to the wheel 
coil 318 around the magnets 316 as shown in FIG . 8. This end device and configured to wirelessly communicate 
causes the coil 318 to pass through the magnetic fields of the wheel end device information with a wheel end moni 
magnets 316. As the coil 318 passes over a magnet 316 , the 10 toring device . 
strength of the magnetic field passing through the coil 318 2. The wheel end apparatus of claim 1 
changes . The changing magnetic field passing through the wherein the communication circuitry includes an antenna 
coil 318 induces a voltage across the coil 318 . outside of the wheel hub . 

The magnets 316 include magnets 316A having their 3. The wheel end apparatus of claim 1 wherein the wheel 
north poles 361 at a radially outer position and their south 15 hub assembly includes the wheel end device and the com 
poles 363 at a radially inner position . The magnets 316 munication circuitry . 
include magnets 316B having an opposite orientation of 4. The wheel end apparatus of claim 3 wherein the wheel 
their poles 361 , 363. The magnets 316A have a radially end device and the communication circuitry are supported 
outward primary flux direction 365 and the magnets 316B by the wheel hub and rotate with rotation of the wheel hub 
have a radially inward primary flux direction 367. The term 20 around the spindle . 
primary flux direction is intended to refer to the general 5. The wheel end apparatus of claim 1 wherein the at least 
direction of magnetic flux from the north pole 361 of the one magnet includes an annular arrangement of magnets 
magnets 316. By alternating the magnets 316 so that the coil configured to be disposed about the spindle with the wheel 
318 passes adjacent the north pole 361 of a magnet 316A and hub assembly mounted to the spindle . 
then the south pole 363 of a magnet 316B , the coil 318 25 6. The wheel end apparatus of claim 1 wherein the at least 
undergoes rapid changes between positive and negative one magnet includes a plurality of magnets each having a 
magnetic fields interacting with the coil 318. The rapid north pole and a south pole ; and 
changes between positive and negative magnetic fields act- wherein the magnets have an alternating arrangement 
ing on the coil 318 maximizes the voltage across the ends configured so that the coil of wire moves adjacent 
331 , 333 of the coil 318 . alternating north and south poles of the magnets as the 

While there have been illustrated and described particular wheel hub rotates around the spindle . 
embodiments of the present invention , those skilled in the art 7. The wheel end apparatus of claim 1 
will recognize that a wide variety of modifica altera- wherein the coil of wire has a central axis extending 
tions , and combinations can be made with respect to the transverse to the central axis of the wheel hub . 
above described embodiments without departing from the 35 8. The wheel end apparatus of claim 7 wherein the at least 
scope of the invention , and that such modifications , altera- one magnet has a primary magnetic flux direction configured 
tions , and combinations are to be viewed as being within the to be periodically oriented along the central axis of the coil 
ambit of the inventive concept . It is intended that the phrase of wire during rotation of the wheel hub around the spindle . 
" at least one of ” as used herein be interpreted in the 9. The wheel end apparatus of claim 1 wherein the 
disjunctive sense . For example , the phrase “ at least one of A 40 communication circuitry is configured to communicate the 
and B ” is intended to encompass only A , only B , or both A wheel end device information with the wheel end monitor 
and B. ing device via a network . 
What is claimed is : 10. The wheel end apparatus of claim 1 further compris 
1. A wheel end apparatus for a vehicle , the wheel end ing a battery operably coupled to the coil of wire and 

apparatus comprising : 45 configured to be charged with electrical power generated by 
a wheel hub assembly configured to be mounted to a rotation of the coil relative to the at least one magnet ; and 

spindle ; wherein the battery is configured to provide electrical 
a wheel hub of the wheel hub assembly rotatable around power to at least one of the wheel end device and the 

a central axis , the wheel hub having an interior and a communication circuitry . 
wheel mounting flange ; 11. The wheel end apparatus of claim 1 further comprising 

a coil of wire and at least one magnet of the wheel hub a metallic core ; and 
assembly configured to move relative to one another wherein the coil of wire is wound around the metallic 
with rotation of the wheel hub around the spindle ; 

an inboard bearing and an outboard bearing of the wheel 12. The wheel end apparatus of claim 1 wherein the wheel 
hub assembly to rotatably support the wheel hub on the 55 end device includes a sensor . 
spindle , the inboard and outboard bearings in the inte- 13. The wheel end apparatus of claim 1 wherein the wheel 
rior of the wheel hub ; end device includes at least one of : 

a spacer of the wheel hub assembly having a bore sized to a tire pressure sensor , 
receive the spindle , the spacer configured to separate an air pump , 
the inboard and outboard bearing assemblies along the 60 an odometer , 
spindle ; a temperature sensor , 

wherein the coil of wire and the at least one magnet are a vibration sensor , 
in the interior of the wheel hub and intermediate the a bearing condition monitoring sensor , 
inboard and outboard bearings along the axis of rota- a load measurement sensor , 
tion ; a stud tension sensor , 

wherein one of the coil of wire and the at least one magnet an oil condition sensor , 
is associated with the spacer ; an oil level sensor , 
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a spindle nut torque sensor , 23. The wheel end system of claim 18 wherein the at least 
a speed sensor , and one magnet includes a plurality of magnets in an annular 
an anti - lock brake sensor . arrangement ; 
14. The wheel end apparatus of claim 1 wherein the wherein the magnets each have a pair of poles and a 

inboard and outboard bearings each include an inner race , an primary magnetic flux direction in a radially inward or 
outer race , and bearing elements between the inner and outer a radially outward direction ; and 

wherein the primary magnetic flux direction for each wherein the wheel hub assembly includes a nut configured magnet is opposite the magnetic flux direction of the to engage the spindle and fix the spacer and the inner adjacent magnets . 
races of the inboard and outboard bearing elements to 10 
the spindle . 24. The wheel end system of claim 18 further comprising 

a metallic core in the cavity ; 15. The wheel end apparatus of claim 1 wherein the at wherein the coil of wire includes a plurality of turns least one magnet is mounted to the spacer . 
16. The wheel end apparatus of claim 1 further compris extending around the metallic core . 

25. The wheel end system of claim 18 further comprising ing a collar on the spacer , the collar connecting the at least 15 
one magnet and the spacer . communication circuitry operably coupled to the wheel end 

17. The wheel end apparatus of claim 1 wherein the wheel device and configured to wirelessly communicate wheel end 
end device includes a sensor in the interior of the wheel hub . device information with a wheel end monitoring device ; and 

18. A wheel end system comprising : wherein the communication circuitry is outside of the 
a wheel hub rotatable around a central axis , the wheel hub 20 wheel hub interior and rotatable with the wheel hub . 

having an annular wall extending about an interior of 26. The wheel end system of claim 18 wherein the 
the wheel hub , the wheel hub having a wheel mounting electrical connector comprises a portion of wire , the portion 
flange ; of the wire and the coil made of a single length of wire . 

at least one bearing mounted in the wheel hub interior and 27. A method of utilizing rotation of a wheel hub of a a 
having a bore sized to receive a spindle ; 25 wheel hub assembly mounted to a spindle to operate a wheel 

a cavity of the interior of the wheel hub for receiving a end device the wheel hub having an annular wall extending 
lubricant , the cavity opening to the at least one bearing about an interior of the wheel hub , the wheel hub assembly 
to permit the lubricant to lubricate the at least one including at least one bearing mounted in the wheel hub 
bearing ; interior and having a bore receiving the spindle , the wheel 

a through opening in the annular wall of the wheel hub 30 hub having a cavity of the interior of the wheel hub for 
extending transverse to the central axis of the wheel receiving a lubricant , the cavity opening to the at least one 
hub and opening to the cavity ; bearing to permit the lubricant to lubricate the at least one 

a coil of wire and at least one magnet in the cavity and bearing , the wheel hub having a through opening in the 
configured to move relative to one another with rotation annular wall that opens to the cavity , the wheel end device 
of the wheel hub around the spindle ; 35 outside of the wheel hub interior and rotatable with the 

a wheel end device outside of the wheel hub interior and wheel hub , the wheel end device including a sensor config 
rotatable with the wheel hub ; and ured to gather information regarding at least one of tire 

an electrical connector extending in the through opening pressure , temperature , stud tension , oil condition , oil level , 
of the wheel hub annular wall and connecting the wheel and spindle nut torque , the method comprising : 
end device and the coil of wire such that the wheel end 40 providing electrical power to the wheel end device and 
device receives electrical power generated by the rela communication circuitry by moving a coil of wire and 
tive movement of the coil of wire and the at least one at least one magnet of the wheel hub assembly in the 
magnet . cavity of the wheel hub relative to one another with 

19. The wheel end system of claim 18 rotation of the wheel hub of the wheel hub assembly 
wherein one of the coil of wire and the at least one magnet 45 around the spindle , wherein the wheel hub assembly 

is supported by the wheel hub . includes an electrical connector extending in the 
20. The wheel end system of claim 18 further comprising through opening of the wheel hub annular wall and 

an annular member having a through opening that receives connecting the wheel end device and the coil of wire ; 
the spindle ; and 

wherein one of the coil of wire and the at least one magnet 50 wirelessly communicating , via the communication cir 
is supported by the annular member . cuitry , the information with a wheel end monitoring 

21. The wheel end system of claim 20 wherein the at least device . 
one magnet includes a plurality of magnets ; and 28. The method of claim 27 

wherein the coil of wire and the magnets are configured wherein wirelessly comm mmunicating the wheel end device 
so that the magnets are sequentially moved in proxim- 55 information with the wheel end monitoring device 
ity to the coil of wire as the wheel hub rotates around includes wirelessly communicating the wheel end 
the spindle . device information using an antenna of the communi 

22. The wheel end system of claim 18 wherein the wheel cation circuitry outside of the wheel hub . 
mounting flange extends radially outward from the annular 29. The method of claim 27 the cavity of the wheel hub 
wall , the wheel mounting flange configured to have a wheel 60 is a grease pocket of the wheel hub assembly . 
mounted thereto ; 30. The method of claim 27 wherein moving the coil of 

communication circuitry operably coupled to the wheel wire and the at least one magnet relative to one another 
end device , the communication circuitry including an includes moving the coil of wire adjacent alternating poles 
antenna operable to wirelessly communicate wheel end of a plurality of magnets . 
device information ; and 31. The method of claim 27 wherein the at least one 

wherein the antenna and the coil of wire are on opposite magnet includes a plurality of magnets in an annular 
sides of the annular wall of the wheel hub . arrangement about the spindle ; and 
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wherein moving the coil of wire and the at least one 

magnet relative to one another includes sequentially 
aligning a central axis of the coil of wire with a primary 
magnetic flux direction of each magnet as the wheel 
hub rotates around the spindle . 

32. The method of claim 27 wherein providing electrical 
power to the wheel end device includes conditioning the 
electrical power via a conditioning circuit to provide pre 
determined characteristics of the electrical power and pro 
viding the conditioned electrical power to the wheel end 10 
device . 
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